Medline is the US National Library of Medicine database that is used for searching the medical biochemistry literature. The database is structured using medical subject subheadings (MeSH terms) to classify the content of references; indexing is done manually using MeSH terms as key words. Searching the database effectively means nding the maximum number of relevant references together with the minimum number of irrelevant ones. This article is aimed at explaining the limitations of Medline and suggesting some solutions to key problems. The goal is that users can improve their literature search technique by employing a structured approach. As usual, asking relevant questions before starting a search is essential.
Introduction
Searching the medical biochemistry literature e¡ectively is essential in order to de¢ne good quality studies of diagnostic tests. Databases of the scienti¢c literature are the source of information regarding the use (best practice), diagnostic performance and properties of a test. Reliance for database searching is often placed on Medline, a database from the US National Library of Medicine which primarily covers English language journals either in CD-ROM format, on a network, or as PubMed via the Internet. 1 The authors use Medline through HOWIS (Health of Wales Information Service), which provides free access to all health professionals in NHS Wales by Ovid on a network. Evidence-based medicine, 2 which requires decisionmaking based on the best current evidence, is dependent on this and other databases. 3 Several faults have been identi¢ed with Medline. Medline indexes only an estimated 27% of the total biomedical journals published. 4 Abstracts may not re£ect an article's content, many randomized controlled trials (RCTs) are not easily found, 5 some publications are not included 6 and the database is structured using medical subject headings (MeSH terms). 7 Web of Science 8 and BIDS (Bath Information Data Services) 9 databases are not recommended for searching the medical literature as diagnostic ¢lters are not available.
The user may not be aware that a problem exists with a commonly available, often-cited database. For the inexperienced user this database has several drawbacks, as it requires a detailed knowledge before use. Medline should be used via a structured approach, with the aims of the literature search ¢rmly in mind from the start. The search strategy should be devised to achieve the highest sensitivity and precision. For example, suppose that one wanted to know the fatsoluble vitamin requirements for cystic ¢brosis patients. Using a combined search with the terms`cf' and`fat-soluble vitamins' (as a textword), a total of 11 references published between 1990 and 2001 were found. Of these, four were relevant. Examination of the MeSH terms used for indexing these references showed that the terms used for indexing were limited.
The aim of this article is to indicate the problems that exist in Medline and how to avoid them, how to overcome some of the inadequacies and shortcomings, and how to obtain an e¡ective search of the required literature.
Medline and clinical biochemistry
Biomedical databases are usually the initial source of information regarding the use, performance and disadvantages of a diagnostic test. The databases available include the Cochrane Collaboration, Medline (in various forms such as PubMed), Best Evidence 10 and Embase. The most widely used and most often recommended database is Medline.
Personal View

The Cochrane Library
The Cochrane Library database 11 consists of the Cochrane Database of Systematic Reviews (CDSR), the York Database of Abstracts of Reviews of E¡ectiveness (DARE), the Cochrane Controlled Trials Register (CCTR) and the Cochrane Review Methodology Database (CRMD). The Cochrane Collaboration is an international network of health professionals, researchers and consumers. It searches for both old and more recently published trials through Medline, but also undertakes extensive hand-searching of journals, unpublished work and the grey literature 6 (grey literature is material that is not readily available through normal book-selling channels and is therefore di¤cult to identify and obtain). This electronic library is regularly updated and is`designed to provide the evidence needed for healthcare decision making', but there are problems in searching for biochemistry results. At present, the CDSR contains few reviews that relate to diagnosis in clinical biochemistry. A search for hypothyroidism and thyroid-stimulating hormone produced no relevant results. A search for diagnostic-tests-routine' or`diagnostic techniquesendocrine' as an MeSH term in the DARE database produced only seven results. The lack of clinical biochemistry information in the Cochrane databases means that Medline (or PubMed) becomes the choice through necessity.
Medline
Medline is a large bibliographic database produced by the US National Library of Medicine and covers medicine, nursing, dentistry, veterinary medicine, health care and the pre-clinical sciences. It indexes the biomedical journals literature from 1966 and covers more than 9 million journal articles. Each year approximately 400 000 references from 3700 journals are added. 12 Most articles are from English language sources, but the coverage is worldwide. Medline is widely available either on CD-ROM or through the Internet (PubMed). Di¡erent versions of Medline are available commercially (e.g. Ovid, 13 Silver Platter, 14 BioMedNet, 15 Knowledge Finder 16 ), but the principles of searching the databases are the same.
PubMed
PubMed 1 has a di¡erent appearance to Medline, even though the database is identical. PubMed includes references that are not yet fully indexed (PreMedline) and also includes citations supplied electronically by the publishers (available under the`Subset' menu on the`Limits' function). PubMed has some additional features to Medline. Boolean operators can be added via the`Preview/ Index' function. The`Related articles' feature can increase the relevance of articles found. The citations are displayed in order of relevance. The`H elp' key to the left of the screen under the heading Entrez PubMed' contains clear explanations for the computation of the`Related articles' link, term mapping and all other aspects of PubMed.
Embase
Embase 17 is a major clinical database containing references from 1974 to date. It has a strong European emphasis and covers physical therapy, biology, pharmacy and alternative medicine. Access to Embase tends to be di¤cult as its use in libraries is restricted, probably due to its higher cost. Embase and Medline do not index the same journals; only 65% of journals are indexed in common, which could result in a signi¢cant loss of coverage of a topic, depending on the medical speciality. 18 Thus a Medline search alone will not access a signi¢cant amount of the medical literature.
Problems in using Medline
When using the Ovid version of Medline, all searches should be conducted under the advanced searching technique. Under the`BASIC' search facility only a combined term and author search can be made.
The following points should be considered before using Medline.
What is the structure of MeSH terms? How can I use these terms to access the relevant literature?
MeSH terms are a controlled vocabulary used to index Medline. 12 Each`major concept'of an article is assigned a single MeSH term, irrespective of the author(s)' wishes. This is intended to produce consistency in indexing and can be examined under the`HELP' function. New MeSH terms are added every year, some are amended and some deleted so as to re£ect changes in health care. Medline automatically`maps' any search words entered to the most appropriate headings. Failure to search using relevant MeSH terms (i.e. using textwords only) can yield a poor result. Also, the misspelling of textwords or the use of English rather than American spelling can a¡ect the search result. The use of MeSH terms is intended to overcome these problems. MeSH terms are arranged in hierarchical relationships called tree structures. 18 The tree for an MeSH term can be examined by pressing the`Tool' button. The tree system organizes the subgroups that describe an MeSH term within a structure, with those that are more general to the left and those that are more speci¢c to the right (see Box 1). The number of citations found for each term and subgroup is listed in parentheses after the term.
MeSH terms may be poorly indexed
Although many MeSH terms are obvious, some can seem strange to British searchers because the spelling and terminology is American. Indexers are not usually experts in the ¢eld that they are indexing, and so irrelevant articles can be recalled by a Medline search if they have been assigned incorrect MeSH terms, or, conversely, relevant articles can be missed if the indexer has designated inappropriate MeSH terms (see Table 1 ). Indexing is done by hand-searching of articles by individuals using key words which may be used di¡erently by each indexer. 
Failure to consider the importance of recall and precision of searches
The key to ¢nding useful information on Medline is to ¢nd relevant articles^i.e. making searches more sensitive by including relevant citations and increasing The number of citations found for each term is given in parentheses. speci¢city by excluding irrelevant citations. The skill lies in achieving a balance between retrieving too few and too many. Recall is the number of relevant articles retrieved per number of relevant articles in the database. Precision is the number of relevant articles retrieved per total number of articles retrieved. It is not always easy to maintain a balance between the two. The sensitivity of a search can be improved in a number of ways:
. Use MeSH terms and textword together when searching for information on a subject that has not been well indexed. 19 . Use the MeSH term option`explode' (see below). . Truncation of free text search terms to retrieve all words beginning with a given string of letters is very useful; for example, using`therap$' in Medline would retrieve`therapy',`therapies',`therapeutic' and`therapist'.
In PubMed the same technique can be achieved by using an asterisk. Truncation helps to retrieve as many articles as possible while overcoming some of the problems of natural language. It is also possible to use`wild cards'such as`?' in some Medline systems; for example,`gyn?ecol*' would give references for`gynaecology',`gynecology',`gynaecological', etc.
Speci¢city can be improved by limiting the searches by age, publication type or subheadings.
Each article on Medline is tagged to a publication type (e.g. RCT, review, meta-analysis) or subheading designation (e.g. adverse e¡ect, diagnosis, therapy). This can be useful in limiting or re¢ning a search; in particular, the RCToption allows the retrieval of highquality information. However, this approach can also miss a lot of relevant citations; for example, there have been anomalies in the use of publication type and subheadings, although the situation is improving. The use of proximity or adjacency operators (i.e.`searching for words within a speci¢ed distance') can also a¡ect the sensitivity of a search, as, for example, neonatal near/2 pituitary (within two words of each other) or neonatal adj pituitary. Juxtaposed words should result in maximum precision.
The importance of using lters
The quality of the references found is improved by using MeSH terms in a combination which increases the relevance of a search. Often called a`methodological ¢lter', it contains MeSH terms, text words and limits to increase the recall and precision of a search to known standards (see Box 2) . Filters reduce the number of irrelevant references found in a search. For diagnosis, several`hedge' ¢lters have been produced 20^22 (see Box 3). These are search strategies that have been tested and proven to ¢nd diagnostic studies of value when compared with manual searches. PubMed o¡ers advice on how to use them 1 under the subheading Clinical Queries'.
Several evidence-based medicine websites (e.g. Netting the Evidence 22 ) have lists of ¢lters.
The effect of using abbreviations
Diagnostic tests are often known by their abbreviations (e.g.`CK' or`CPK' for`creatine kinase'). However, This type of lter has been tested to increase the ability of a search to identify published work with speci city and sensitivity data in diagnostic studies [exp=explode; $=truncate string; ti=title; ab=abstract; sh=subheading]. 1: exp ''sensitivity and speci city'' 2: exp diagnostic errors 3: (sensitivity or false positive or false negative or predict$ or observer variation).ti,ab,sh 4: 1 or 2 or 3 5: (blind$ or mask$ or compar$).ti,ab,sh 6: 4 and 5 7: exp ''disease and disorder'' 8: exp ''diagnostic test (diagnostic use)'' 9: 7 and 8 10: 6 and 9 Box 3. Example of a hedge search Medline does not always recognize abbreviations (see Table 2 ). Frederiuk 23 has shown that several searches are needed to ensure comprehensive reference capture (e.g. subject with abbreviation, textword with abbreviation, textword with de¢nition).
Failure to use the 'explode' option
It is normally a good idea to`explode' MeSH terms, because this retrieves not only the major concept but also all related subordinate subjects. For example, in Medline for the years 1997^2000, the unexploded MeSH term`antibiotics' would result in 8216 references, but with the search using the`explode' option 39721 references are retrieved. This is because all named antibiotics, which are the related subordinate subjects, have also been retrieved. Some versions of Medline (e.g. PubMed) automatically explode MeSH terms. Failure to`explode' can result in many relevant references being missed.
Boolean operators
Boolean operators (ÀND',`OR' and`NOT') are useful in combining terms or results of a search as they can include or exclude speci¢c words or terms. Using AND' to combine search terms will produce articles common to both sets. Using`OR' to combine search terms will increase the number of articles retrieved. The use of`NOT' can help to re¢ne a search by removing irrelevant articles (e.g. smoking NOT cannabis). 24 However, many individuals use Boolean operators poorly. Using too many Boolean terms in a single search could unknowingly eliminate relevant articles. PubMed automatically links search terms with the operatorÀND'.
Medline: the solutions
Before starting the search, ask yourself what are you attempting to achieve by the search. Do not bury your search in excessive detail, or allow yourself to be sidetracked by interesting references (just make a note of them), or miss the goal of your search entirely through making the search inappropriately wide or narrow (you must decide beforehand). Within the`HELP' facility of every database there will be useful explanations of search procedures and techniques that have been mentioned in this brief overview.
Remember that one database will not cover all the literature completely. 25 If you are searching for RCTs, hand-searching relevant journals will be necessary 26 otherwise publications may be missed.
Consider what question you are trying to answer: are you trying to obtain an exhaustive solution, or an overview of current practice? Limits can be very useful in restricting the search strategy. The most commonly used limits are`Language',`Human',Àge' and`Publication type'.
A clear view of the required aim of the database search is required before beginning the task. A structured approach is essential. Sackett et al. 20 recommended using a focused clinical question, which for clinical biochemistry is usually related to diagnosis:
. What is the problem? . What aspect of diagnosis is relevant? (i.e. test sensitivity, review of up-to-date practice, methodologies available, etc.) . What is the clinical outcome(s) of interest?
A quick view of current practice can be obtained by using the`Focus' option on the search term and then limiting the search using the`Review'option.
Returning to our original question on the role of fat-soluble vitamins in cystic ¢brosis treatment: when the search term`vitamins A,D,E' was used, 71 references were found, of which 33 were relevant^an increase of over eight times the amount of information compared with the original search. Interestingly, the most relevant review article (Rayner RJ. Fat-soluble vitamins in cystic ¢brosis. Proc Nutr Soc1992; 51: 2455 0) was found in the initial search, due to the textword appearing in the article title.
The precision of a search will be related to the number of references (recall) obtained by a search. Exploding a search increases recall by broadening the strategy and increasing the number of articles found; search precision is increased by using the`major concept' feature of Medline's MeSH terms. 27
Conclusion
Being aware of many of the problems of Medline means that the biochemist can better plan a search strategy, and through experience can adopt an even approach. As an increasing amount of information becomes available on the Internet and in databases, searching and ¢nding relevant information is an important skill. All clinical biochemists need access to information through computerized databases for research and in order to apply evidence-based medicine to their professional work. Even so there is no perfect indexing and retrieval system and the user should always apply critical appraisal skills 28 to any articles retrieved before using the information: basically, don't accept anything at face value.
The key to ¢nding useful information with Medline is to ¢nd relevant articles and exclude irrelevant citations; this can be accomplished by developing search skills. The only way to improve search skills is by practice; there may be more than one route to answer your problem.
This article was a collaborative project by a clinical biochemist and a medical librarian: consult your librarians, enlist their help, and discuss informationretrieval problems with them. The result will be enhanced health care through evidence-based clinical biochemistry. 29 
